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Abstract: Lithium-ion batteries have gained immense popularity in electric vehicles(EVs) due to their high energy
density, offering an extended driving range. This has made them the preferred choice in the automotive industry,
driving the shift towards EVs. However, alongside their popularity, safety concerns have arisen. The main issues
include the potential for thermal runaway leading to fires or explosions, which can occur due to overcharging,
physical damage, or manufacturing defects. While safety features and rigorous testing aim to mitigate these risks,
ongoing research and development focus on enhancing safety measures to further ensure the reliability and safety
of lithium-ion batteries in EVs. This paper focuses on the development and deployment of a real-time monitoring
dashboard for Li-ion battery health monitoring using STM32 Microcontroller within the framework of Industry 4.0.
Leveraging advanced sensor technology and data analytics, the dashboard provides continuous, comprehensive
insights into battery performance, including state of charge and temperature. Integrating with Industry 4.0
principles, such as IoT, the system enables predictive maintenance, optimizing production processes and ensuring
efficient utilization of resources. The implementation showcases the integration of real-time monitoring tools for
Li-ion batteries, aligning with the transformative paradigms of Industry 4.0 to enhance operational efficiency and

reliability within industrial settings.
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1. Introduction

Lithium-ion (Li-Ion) batteries are rechargeable batteries which can maximize battery lifespan and
at the same time increase power energy density. They outlast the lifespan of traditional batteries, such
as Nickel Metal Hydride (NiMH). Hence they have become quite popular [1-6]. Especially, they are
quite successful in the application of autonomous mobile robots, which require long battery life during
search and rescue missions [7—12]. Moreover, with the advent of machine learning and its ability to
optimize the features, as a very low cost memory wise solution. Battery life can be optimized using
state-of-the-art machine learning techniques [13-18]. Accordingly, a significant factor in improving EV
performance is handling the management and estimation issues for the essential states of lithium-ion
batteries. Estimating the state of charge (SOC) in lithium-ion batteries is a crucial issue to satisfy safe
use and better battery management. Evaluation and monitoring of battery health, safety, and reliability
are performed through the Battery Management System (BMS), in which the State of Charge (SOC)
and temperature are fundamental parameters. SoC represents a measure of the battery remaining
capacity, compared to the fully charged capacity. During a battery lifespan, its capacity decays even if
it is not used, due to inter- nal aging processes. Due to this phenomenon, performances decrease and
the battery is typically no longer considered reliable after a 20% fading in its nominal value. Therefore,
Maximal releasable capacity estimations are essential to reduce safety risks and to prevent critical
failures, allowing for appropriate battery replacement.

The direct open-circuit voltage (OCV) based method is straightforward and cost- effective. This
approach works by assigning an SOC value for each value of the battery output voltage in the open-
circuit state. Generally, the OCV-based method requires a few simple components to be implemented.
However, obtaining an accurate OCV when the battery is under operation is not achievable for most
batteries. Lithium-ion batteries need long relaxation time to obtain an accurate OCV after disconnecting
the battery. Additionally, the OCV-based method is profoundly affected by the aging process of the
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battery. The current integrating (Coulomb counting) method can be used to calculate the descent or
growth of an SOC based on the energy transferred from or to the battery. This method works efficiently
for online SOC estimation.

This paper provides an overall outlook into the implementation of an efficient battery health and
safety monitoring system that integrates IoT and advanced technologies inculcating Industry 4.0.

2. State-of-Charge

SOC is the ratio of the available charge capacity (also called capacity) of the battery (Qcurrent) to
the capacity of a fully charged battery (Qpc) expressed in percentage.

SOC = chrrent (1)
Qrc

SOC is an indication of the available charge in the battery at each moment. If the initial SOC is
known, SOC at any instant can be estimated from the current drawn from the battery as:

t
it
Qrc

where I} is the load current and 7 is the coulombic efficiency that is defined as the ratio of the charge
delivered during discharge and the charge stored during previous recharge.

If there are no significant unwanted parasitic reactions in a Li-ion cell and the electrodes show no
significant mechanical degradation, then the coulombic efficiency can be assumed as unity.

In electric vehicles (EVs), the state of charge (SOC) of lithium-ion batteries is crucial for determin-
ing how much driving range is available. By maintaining the SOC within optimal levels, the battery’s
lifespan can be extended which ensures consistent performance over time.

Under ideal conditions, a 100% SOC indicates a fully charged battery whereas a 0% SOC indicates
a fully discharged battery.

SOCy) = SOCqy) @

2.1. Method for Calculating SOC - Coulomb Counting

The most common method for calculating SOC is Open Circuit Voltage (OCV) Method. The OCV
curve represents the relationship between battery voltage and SOC for a specific battery chemistry and
temperature. Using the OCV method, the battery voltage is measured when it is at rest (no charge
or discharge current flowing). However, during charging/discharging, voltage translation cannot be
used to estimate SOC, since beyond a particular range of voltage, relation between SOC and voltage is
non-linear.

On the other hand, Coulomb counting directly measures the charge/discharge current flowing
into/out of the battery, providing real-time information about the amount of charge stored or consumed.
Hence accurate values of SOC is obtained.
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Typical Li-ion Discharge Voltage Curve
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Figure 1. Voltage vs SOC.
3. Methodology

3.1. Charging/Discharging of Li-Ion Battery

Charging
¢ Connect Battery: Plug the lithium-ion battery into the iMAX-B6 charger, ensuring correct polarity.
¢ Start Charging: Initiate the charging process. The charger will follow the charging phases (CC,
CV) automatically.

Constant Current (CC) Phase: Charge at a constant current until a certain voltage is reached.

Constant Voltage (CV) Phase: Hold the voltage steady while the current decreases.

* Monitor Parameters: Keep an eye on the charger display to observe current, voltage, and
temperature readings. The iMAX B6 typically provides real time data.

® Charge Termination: The charger should automatically stop charging when the battery reaches
the set voltage or when a certain amount of time has elapsed.

Discharging

¢ Connect Load: Connect a suitable load or iMAX-B6 charger/ discharger to the battery output for
discharging.

¢ Start Discharging: Initiate the discharging process. Monitor the charger display for real-time
information.

* Monitor Parameters: Keep an eye on the current, voltage, and temperature readings during the
discharge process.

¢ Discharge Termination: The charger should automatically stop discharging when the battery

reaches the set voltage or when a certain amount of time has elapsed.

3.2. Sensing of Current, Voltage and Temperature

To sense current, Voltage, and temperature:
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* Current Sensing: Use a current sensor in series with the battery. This current sensor is to be
calibrated. For that, 1A current is passed through the sensor which read 0.038.

* Voltage Sensing: Measure the voltage across the battery terminals. A voltage divider is used
as a voltage sensor by creating a circuit with two resistors in series to divide the input voltage
down to a level that can be safely measured by a microcontroller.

¢ Temperature Sensing: Employ a temperature sensor placed near the battery.

3.3. Data to STM

* Connect Sensors: Connect the output of the current, voltage and temperature sensors to the
corresponding analog input pins on the STM32.
* Analog to Digital Conversion: The analog values are converted into digital values using edge

computing technique of STM.
¢ To Matlab: The values are then transferred to matlab which are obtained in the range of 0-1.
These values are then multiplied by the gain for obtaining the actual values of current/voltage.
¢ Data Processing: The sensed data is then processed and involves filtering, averaging, or applying
algorithms for the calculation of SOC.

3.4. Matlab

¢ Installion of Support Package: The STM32 support package is installed from the Add-Ons

Explorer within MATLAB.
¢ Setting Up of STM32F411RE Nucleo Board: Connection of STM32F411RE Nucleo board to

computer is done using a USB cable.
¢ Simulink: Create a new Simulink model. From the Simulink Library Browser, the necessary

blocks are dragged and dropped onto the model to configure the communication with the

STM32F411RE board.

¢ Configuration of Parameters: The parameters of STM32 blocks are configured according to the
requirements.

¢ Connection of Blocks: The blocks are connected to define the flow of data and control between
the STM32 board and other components of the system.

* Build and Deploy: After the model is ready, initiation is done to generate the code for the
STM32F411RE board. Then, the code is deployed to the board using the appropriate options in
Simulink.

* Run the Model: After deploying the code, Simulink model is run. MATLAB then communicates
with the STM32F411RE board and execute the specified tasks.

¢ Results: The behaviour of the system is analysed by visualizing the data collected from STM
which includes current, voltage, temperature and SOC variations in real time.

3.5. Display of Information

Matlab generated data including SOC, current, voltage and temperature are displayed in
real-time. Further set up can be done to display this information in the form of a dashboard and
made available in the mobile phones of EV users using advanced technologies.

Table 1. Component Specifications.

No. | Components Specifications

1 Li-Ion Battery 12V, 20Ah

2 Charger/Discharger iMAX-B6AC

3 Current sensor 30 Amps, ACS712 30A
4 Voltage sensor Voltage Divider

5 Temperature sensor Thermistor

6 STM32 MCU Nucleo board F411RE
7 Perforated hardboard | -
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4. STM32 MCU Nucleo Board F411RE

The STM32F411RE is a 32-bit microcontroller with a 100 MHz ARM Cortex-M4 core, 512 KB Flash
memory, 128 KB SRAM, various digital and analog peripherals, ADC, communication interfaces, timers,
low-power modes, and support for development tools. It is an Arduino-compatible STMicroelectronics
board. It offers a powerful and flexible platform for prototyping and developing various applications
using STM32F411RE microcontrollers.

STM32 microcontrollers excel in edge computing, combining processing power with low power
consumption for real-time, low-latency data handling at the edge. The integration in edge devices
enables on-device computation, analysis, and data pre-processing, optimizing system performance in
IoT, industrial automation, and sensor networks.

Lo '-'"i-..)rHu e

Figure 2. STM32 MCU Nucleo Board F411RE.

Features Some key features of STM32 Nucleo board are:

e Microcontroller: The STM32 Nucleo F411RE is built around the STM32F411RE MCU, which
belongs to the ARM Cortex-M4 family. It operates at a clock frequency of up to 100 MHz.

* Memory: It typically has 512 KB of Flash memory and 128 KB of RAM, providing sufficient
resources for a wide range of embedded applications.

¢ Integrated Debugger/Programmer: The Nucleo board includes an ST-Link debugger/programmer,
allowing for easy programming and debugging of the STM32 MCU.

¢ Expansion Options: The board features Arduino Uno V3 connectors, making it compatible with
a variety of Arduino shields. Additionally, it has ST Morpho extension headers for accessing the
MCU'’s peripherals.

* Power Supply: The board can be powered through a USB cable or an external source. It also has
a built-in ST-LINK/V2-1 for programming and debugging via USB.

* Peripherals: The STM32F411RE MCU on this Nucleo board comes with a variety of peripherals,
including GPIO, UART, SPI, I12C, ADC, and more, making it versatile for different applications.
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¢ Integrated Development Environment (IDE): You can use the STM32CubelDE or other compati-
ble development environments to program and develop applications for the STM32 MCU on
this Nucleo board.

¢ Community and Documentation: STMicroelectronics provides extensive documentation, datasheets,
and user manuals for the STM32 Nucleo F411RE. Additionally, there is an active community of
developers and users who share knowledge and experiences related to this development board.

5. Simulink Model

Figure 4 shows the simulink model.
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Figure 3. Simulink Model.

5.1. Flowchart
Figure 3 shows the flowchart of the method adopted.
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Figure 4. Flowchart.
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6. Results

Figure 5 shows SOC variations during charging/discharging conditions.

d0i:10.20944/preprints202407.0247.v1

s st
qqqqq
aaaaa
A
o /
% /
/
/
/
- /
/
/
/
/
/
/
as0 /
ol /
/
/

-

(a) SOC - Normal Charging

(c) SOC - Discharging

T T T R T T TR T

(b) SOC - Fast Charging

£ g & 5 g 8 % £ 8 § 8§ 8
.

T T I R T T ]

(d) SOC - Discharge + Normal Charging

(e) Temperature throughout charging and discharging conditions
Figure 5. SOC variations during Charging/Discharging Conditions
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7. Result Analysis

Table 2. Normal Charging.

doi:10.20944/,

No. | Time(s) SOC(%) Temperature(°C)
1 2450 99.7284 34.1

2 2660 99.7676 34.2

3 2900 99.809 344

4 3197 99.8634 34.9

Table 3. Fast Charging.

No. | Time(s) SOC(%) Temperature(°C)
1 2450 99.7218 33.9

2 2660 99.774 34.029

3 2900 99.8337 34.094

4 3197 99.9067 34.104

Table 4. Discharging.

No. | Time(s) SOC(%) Temperature(°C)
1 1410 99.998 34.010

2 1650 99.927 34.142

3 1900 99.853 34.246

4 2306 99.7316 34.725

Inference

reprints202407.0247.v1

8 of 10

¢ Here the partial charging/ discharging of the battery has been done and the variation of SOC

and temperature with time has been tabulated.

e From the tables, it can be seen that there are no significant variations in the temperature of
the battery. It is around 340 C. However there is a slight increase during extended charging/
discharging hours. External factors and internal factors can also contribute to temperature rise of

the battery.

* The SOC is found to increase during charging and decrease during discharging.

8. Conclusion

Considering the various safety concerns associated with the Li-ion batteries of EVs, the design of
a real-time health monitoring system for lithium-ion batteries, within the context of Industry 4.0, has
been set up, representing a significant advancement in the management of energy storage systems.
This system is planned to seamlessly integrate cutting-edge technologies and data analytics to ensure
efficient, and intelligent monitoring of battery health.

The system employs state-of-the-art sensors and communication protocols to continuously gather
real-time data from Li-ion batteries. There is seamless data exchange between devices, enabling swift
decision-making and preventive actions. Through the incorporation of sophisticated algorithms and
data visualization techniques, the system provides real-time insights to industry professionals to
anticipate potential issues, optimize performance, and extend the overall lifespan of Li-ion batteries.
The principles adopted ensure scalability and adaptability to evolving technological landscapes and the
system’s integration with the industrial IoT enables remote monitoring and management, fostering a
more agile and responsive approach to battery health maintenance. To summarise, the designed system
not only meets the demands of real-time health monitoring for Li-ion batteries but also facilitates
a proactive and data-driven approach to battery management, ultimately contributing to enhanced
safety, reliability, and efficiency in energy storage systems.
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9. Future Scope

The use of electric vehicles are increasing day by day. Hence, the manufacturers are putting in dire
efforts towards ensuring their safety while in use. This paper which includes the real-time monitoring
and analysis of the safety parameters of lithium-ion battery can be further clubbed with a dashboard
that can be accessed by the user from any location and is even capable of providing warning signals or
safety measures in case of anomalies. For this, the data that we have obtained through the process can
be used to train the microcontroller using artificial neural networks to detect anomalies and notify the
users or manufacturers.
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